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Bedrock cliff morphology. In order to compare the morphology of bedrock hillslopes from each landscape, we identified the 20 largest and steepest cliffs in both the ESGM and the NSJM, and isolated bare-earth point clouds for each cliff face (Fig. DR5) . For computational efficiency, we sub-sampled point clouds to a minimum point spacing of 1 m. For each cliff, we calculated the relief, Δzi,j, and slope, θi,j, between all possible pairs of points (xi,yi,zi), (xj,yj,zj) 
We extracted maximum relief for results binned by slope (1° slope bins) to define an envelope of maximum relief, ∆ , as a function of slope. The data shown in Fig. 2c are cut off at low slopes where the relief-slope curve reaches an inflection point set by the height of the cliff face. This approach is similar in principle to the concept of a limit of topographic development used by Schmidt and Montgomery (1995) , and provides a measure of the scale-dependent morphology of individual cliffs. By selecting the largest and steepest cliff faces, we aimed to identify areas in the landscape that are most likely to be at the threshold of stability, an assumption that is supported by the similarity of relief envelopes for cliffs within each landscape (Fig. 2c) .
To quantify differences in the apparent rock strength of bedrock slopes between the two datasets, we used a Culmann limit-equilibrium prediction of the relationship between slope and relief, based on a Coulomb failure model (Schmidt and Montgomery, 1995) :
where ρ is bulk density, g is gravitational acceleration, c is effective cohesion, and φ is the angle of internal friction of the cliff material. We used a bulk density of 2650 kg/m 3 for granite and assumed φ = 35°, such that differences in the relief-slope relationship are assumed to be due to differences in effective cohesion only. We plotted 50 kPa contours of effective cohesion for comparison with lidar-derived relief-slope curves (Fig. 2c) . Although Equation (3) is a simplified treatment of the mechanics of bedrock failure in the ESGM and NSJM, the first order behavior encapsulated by the inverse relationship between slope and relief should be characteristic of a wide range of slope-stability models.
We ascribe the contrast in effective cohesion between the ESGM and NSJM primarily to qualitative differences in fracture density between the two landscapes (Fig. 2, Fig. DR9, Fig.  DR10 ). We see no dependence of fracture density on elevation in either landscape (e.g., Riebe et al., 2015) . We interpret the scatter in Fig. 2c to reflect some combination of variability in rock properties within a single cliff (e.g., local hydrology, cliff aspect, or fracture orientation, connectivity, and aperture), deviation from equilibrium or threshold conditions, and the limitations of the Culmann slope stability model to describe the mechanics of rock failure in these landscapes.
Channel grain size and width measurements. We quantified grain size and channel width using high-resolution (8-14 cm/pixel) orthophotos of channels at the interface of the mountain front and alluvial fan for each catchment (Fig. DR6) . By focusing on channels at the head of alluvial fans, we ensured that the grain size distributions measured are readily mobilized and not locally derived from landslides or rockfall. Additionally, transport distances from hillslope to fan are short (<10 km) and thus we hypothesize that the coarse sediment grain size distribution in fans remains sensitive to the fracture density on bedrock hillslopes (e.g., Sklar et al., 2017) . We emphasize that this approach aims to identify minimum reasonable thresholds for river incision applied to steadily eroding watersheds. We did not account for effects of local hillslope-channel coupling whereby large immobile blocks may armor the channel bed (e.g., Shobe et al., 2016) .
For each channel, we used the grid-by-number method (Bunte and Abt, 2001) to measure the apparent b-axis dimension of all clasts intersecting a 2 m grid overlaid along a channel and fan area of 10 3 m 2 (N = 175-300 for each channel). The minimum resolved grain diameter was set to 4 pixels, and grid intersections obscured by vegetation or water were not included in the grain size distribution. We defined grain size measurements below the resolving limit (32-56 cm) as "fine" and included these values in the construction of cumulative grain size distributions. For the NSJM fans, more than 50% of the counted grains were resolvable, and thus we were able to estimate the median grain size as D50 = 58 cm. For the ESGM fans, only the coarsest 25% of the grains were resolvable. Assuming similar sorting, the ratio of the 84 th percentile of the grain size distribution between the NSJM (D84 = 140-175 cm) and the ESGM (D84 = 44-51 cm) is ~3. Alternatively, comparing the median grain size from the NSJM fans to the median grain size from field surveys throughout the San Gabriel Mountains (D50 = 9 cm; DiBiase and Whipple, 2011) results in a grain size ratio of ~6. Channel widths for Cucamonga Creek and Snow Creek were calculated visually, using vegetation patterns along banks to define channel boundaries, and defining average channel width as the mapped channel area divided by thalweg length (Fig.  DR6 ).
Stochastic-threshold incision model. We used a bedrock river incision model (Lague et al., 2005) that combines a shear stress incision law with a threshold (Howard and Kerby, 1983 ) with a stochastic distribution of flood events:
where the long-term bedrock incision rate, E, is the integrated product of the instantaneous incision law, I, and the probability distribution of discharge events, pdf(Q), and Qc and Qm are the discharge magnitudes that define the limits of integration. For most of the parameter space relevant to the ESGM and NSJM field areas, Equation (4) converges quickly and is insensitive to the choice of Qm (Lague et al., 2005) . Instantaneous incision is modeled at a daily time step and itself depends on daily discharge, Q, the normalized channel steepness index, = − , the channel width index, = − , and the median grain diameter, D50. The normalized channel steepness index encapsulates the downstream reduction in channel slope, S, with increasing drainage area, A (Wobus et al., 2006) , and the channel width index similarly encapsulates downstream increases in channel width, w (Lague, 2014) . We fixed the empiricallyderived exponents θref and ωref to be dimensionally consistent and match the observed concavity of bedrock rivers (θref = 0.45; ωref = 0.55) (DiBiase and Whipple, 2011) . The median grain diameter, D50, determines the threshold overcome for incipient motion of sediment mantling the channel bed and thus provides a minimum estimate of the magnitude of the incision threshold for bedrock erosion. Although bare bedrock reaches, including waterfalls, exist in both ESGM and NSJM channels (Fig. 1d, 1e) , most of the channel network is mantled by sediment. Following DiBiase and Whipple (2011), we assumed a generalized Darcy-Weisbach friction relationship and a shear stress-incision exponent equal to 1.5, such that the instantaneous incision rate can be simplified as:
where K1 is a constant that incorporates rock erodibility, flow resistance, and gravity, K2 is a constant that incorporates rock erodibility, density, and gravity, / � is daily discharge normalized to a reference (mean) value, and � / is mean runoff. The normalized critical discharge required for incision, / � = / � , can be obtained by setting I = 0 and rearranging Equation (5):
where K3 = (K2/K1) 4/3 and depends only on frictional, gravity, and density effects (i.e., does not incorporate rock erodibility). Importantly, the dependence of the critical discharge on the steepness index, the width index, and grain size leads to a nonlinear dependence of long term incision rate on these parameters (Lague, 2014) , in contrast to models that assume a constant effective discharge (Whipple and Tucker, 1999; Sklar and Dietrich, 2004) . Based on analysis of modern daily streamflow data in the ESGM and NSJM, we defined the probability distribution of flood events using an inverse gamma distribution that combines a power-law tail for large floods with an exponential tail of low-flow events:
where � is the mean daily discharge, k is a parameter that determines discharge variability (low k = high variability), and Γ is the gamma function. For a full derivation of equations (4-7), see Lague et al. (2005) and DiBiase and Whipple (2011).
We calibrated the above model according to data from the San Gabriel Mountains (Table DR1,  Table DR2 ; DiBiase and Whipple, 2011), which include the ESGM, and we highlight in Fig. 3c the effect of increasing grain size by a factor of 3-6. Because runoff distributions are similar for Cucamonga Creek in the ESGM and Snow Creek in the NSJM (Fig. 3a, Fig. DR2, DR3 ), we held constant k = 0.5 and mean runoff, � / = 0.8 mm/day. As a first comparison, we held all other parameters constant to isolate the effect of grain size, which we increased by a factor of 3-6x based on photo-derived measurements and field measurements from the San Gabriel Mountains (Fig. 3b, Fig. DR6 ). We estimated the channel width index for both landscapes based on orthophoto-derived measurements of channel width from the alluvial fan heads of Cucamonga Creek (w = 6.5 m, A = 26 km 2 , kwn = 1.1 m/km 1.1 ) and Snow Creek (w = 8.7 m, A = 28 km 2 , kwn = 1.4 m/km 1.1 ), where vegetated banks clearly define channel geometry (Fig. DR6 ). These preliminary measurements indicate that channels in the NSJM are slightly wider (a factor of 1-1.5x), but we note that further field work is needed to assess how channel width varies throughout each landscape, as dense riparian vegetation limits the effectiveness of remote sensing analysis. Although we lack quantitative data to evaluate the relative changes in intrinsic rock erodibility between the two landscapes, the contrast in erosional efficiency between the ESGM and NSJM implies a contrast in incision threshold that is consistent with initial motion thresholds inferred from differences in channel-bed grain size distributions.
Headwater colluvial channel morphology.
To analyze the morphology of headwater colluvial channel networks, we first delineated colluvial and fluvial channels based on scaling breaks observed in log-log plots of channel gradient versus upstream contributing area, where longitudinal profiles of colluvial channels tend to have constant slopes and fluvial channels are concave up (Montgomery and Foufoula-Georgiou, 1993; DiBiase et al., 2012) (Fig. DR8a) . For each colluvial channel segment, we recorded the mean channel profile slope using least-squares regression for the region between an upstream limit of A = 10 4 m 2 and a downstream limit of the colluvial-fluvial scaling transition. We determined the mean colluvial channel slope, Sc, based on the length-weighted average of all colluvial channels within each catchment (Fig. DR8b) .
Catchment-averaged erosion rate calculations. To standardize erosion rate measurements from different sources (DiBiase et al., 2010; DiBiase et al., 2012; Heimsath et al., 2012; Rossi, 2014 ; Table DR2 ), we recalculated catchment-averaged in situ 10 Be production rates using the CRONUS-Earth online calculator (https://hess.ess.washington.edu/, version 2.3; Balco et al., 2008) with an effective elevation determined from catchment hypsometry (Portenga and Bierman, 2011) and based on the constant production rate model (Lal, 1991; Stone, 2000) . Daily runoff rate (mm/day) Exceedence Frequency Cucamonga 1960 -1975 Snow 1960 -1975 Figure DR4. Plan view and slope-corrected kernel density plots of hillslope angle for the Eastern San Gabriel Mountains (ESGM) and Northern San Jacinto Mountains (NSJM). a. Plan view hillslope angle distribution. b. Slope-corrected hillslope angle distribution where density has been weighted by a factor of 1/ cos to correct for plan view distortion (same as Fig. 1c) . Note the indication of bimodal slope distribution in NSJM, which we interpret to reflect the contrast between soil-mantled hillslopes with a mode of ~38° and bedrock hillslopes, with a mode of 65-70° (Fig. 2c) . Bimodality is less pronounced in ESGM due to less bedrock exposed, and lower bedrock hillslope angle of 55-60° (Fig. 2c) . Figure DR7 . Chi-elevation plots (Perron and Royden, 2013) of mainstem channels in the ESGM (blue) and NSJM (red), highlighting range of channel steepness index for each landscape. Reference concavity index, θref, is assumed to be 0.45, and reference drainage area, A0, is set to 1 m 2 , such that the slope of the curves is equal to the normalized channel steepness index, ksn (Wobus et al., 2006) . 
